Results from Upsilon(5S) at Belle: Strange Beauty and other Beasts by Kinoshita, K.
ar
X
iv
:0
80
5.
38
66
v1
  [
he
p-
ex
]  
26
 M
ay
 20
08
UCHEP-08-02
Results from Υ(5S) at Belle:
Strange Beauty and other Beasts∗
K. Kinoshita
University of Cincinnati
PO Box 210011
Cincinnati, OH 45221, USA
E-mail: kay.kinoshita@uc.edu
Abstract
The Belle experiment collected in 2005-6 a total of 23.6 fb−1 of data at the Υ(10860) resonance,
also known as Υ(5S). These constitute nearly all of the world’s sample of e+e− → Υ(10860)
events, which provide clean Bs pairs. We present here several Bs and Υ(10860) properties recently
extracted from these data.
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Belle,[1] one of two B-factory experiments, is located at KEKB[2] and studies primarily
the CP asymmetries of B meson decay in e+e− annihilations at the Υ(4S) resonance (Mc2 =
10580± 1 MeV, Γ = 20.5± 2.5 MeV).[3] However, the richness of Belle physics reaches well
beyond CP (see, e.g., http://belle.kek.jp/); an unequalled sample of BB¯, cc¯, τ τ¯ , and two-
photon events enables access to many other topics. We now add Bs and bottomonium
studies, thanks to data collected at the Υ(10860) resonance.
The Υ(10860), (Mc2 = 10865 ± 8 MeV/c2, Γ = 110 ± 13 MeV),[3] is interpreted as
Υ(5S), the fourth excitation of the vector bound state of bb¯. It is above BsB¯s thresh-
old and, given the success of the Υ(4S) program in characterizing properties of Bd,u,
it is natural to contemplate Bs at Υ(10860). The e
+e− environment produces clean
events, efficiently triggered, with precisely known center-of-mass energy. Furthermore,
the B-factory offers an existing facility with high luminosity, a well-studied detector, and
Υ(4S) data for comparisons. On the other hand, high integrated luminosities are needed,
σ(e+e− → Υ(10860))≈ σ(e+e− → Υ(4S))/3 ≈ 0.3 nb, and events include Bd,u as well as
Bs. While Bs is produced copiously in hadronic collisions, the Υ(10860) can be competi-
tive, particularly in aspects of Bs decay that are limited by systematic effects at a hadron
machine.
Belle has run twice at the Υ(10860). In June 2005 a three-day “engineering” run served
to test KEKB, which had never operated at energies above the Υ(4S), and study the basics
of Υ(10860), Bs, and B
∗
s . A scan of five energy points was used to locate the peak, at√
s =10869 MeV, where 1.86 fb−1 were collected. By June 2006, results confirmed the
projected potential of Υ(10860), and 21.7 fb−1 were collected in 20 days.
As prerequisite to studies of Bs, its abundance in Υ(10860) events was determined from
the 2005 data.[4] About 10% of the hadronic events are resonance (assumed to be bb¯), the
rest being continuum e+e− → qq¯ (q = u, d, s, c). Figure 1 (L) displays R2, the ratio of the
2nd and 0th Fox-Wolfram moments,[5] a measure of “jettiness” that tends to be lower for
the more isotropic resonance events. We find (3.01± 0.02± 0.16)× 105 bb¯ events/fb−1. The
bb¯ events may fragment to: B(∗)s B¯
(∗)
s , B
(∗)
q B¯
(∗)
q , BqB¯
(∗)
q pi, BqB¯qpipi (q is a u- or d-quark). To
determine the fraction (fs) that are B
(∗)
s B¯
(∗)
s , we measure the inclusive rate B(Υ(10860)→
DsX) ≡ BΥ, an average over Bs, Bd, and Bu (Figure 1(R)). Measured B(Bu,d → DsX) and
our understanding of decay mechanisms are used to estimate B(Bs → DsX) = (92±11)%.[6]
Assuming that Bd and Bu are produced equally, BΥ depends only on fs. The same analysis,
performed with inclusive D0 yields, gives an independent value of fs with larger uncertainties;
B(Bs → D0X)≪ B(Bq → D0X). The combined result is fs = (18.0± 1.3± 3.2)%.[4]
The results below, based on 23.6 fb−1, cover Bs → Dspi, DsK (preliminary), Υ(10860)→
Υ(nS)pi+pi−,[8] and Bs → γγ, φγ.[9] Bs decays are identified by “full reconstruction” of
all final state particles, a method used with great success at the Υ(4S). Each candidate’s
energy and momentum in the e+e− center-of-mass are evaluated as ∆E ≡ Ecand − Ebeam
and Mbc ≡
√
E2beam − p2cand. In BsB¯s (analogous to Υ(4S)→ BqB¯q), the Bs carries the beam
energy, so 〈∆E〉 = 0 and 〈Mbc〉 = MBs . For B∗s B¯s or B∗s B¯∗s , the kinematics of B∗s → Bsγ
(with 50 MeV energy) leads to localized signals as well. In the case of B∗s B¯s the result is
effectively the loss of 50 MeV from the Bs pair, with the energy being shared approximately
equally: 〈∆E〉 ≈ −25 MeV and 〈Mbc〉 ≈MBs + 25 MeV. For B∗s B¯∗s the energy reduction is
∼50 MeV.
The decay Bs → D−s pi+ proceeds dominantly via a CKM-favored spectator process. Ds
is reconstructed in φ(→ K+K−)pi−, K∗0(→ K+K−)K−, and KS(→ pi+pi−)K−. Shown
in Figure 2(L) is the distribution in ∆E and Mbc for data, with signal boxes for B
∗
s B¯
∗
s ,
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FIG. 1: (Left) Distribution in R2, (histogram) 1.86 fb
−1 at the Υ(10860) and (points) continuum
below the Υ(4S), scaled. (Right) Yield of Ds mesons as a function of x ≡ pDs/
√
E2beam −M2Ds ,
(points) Υ(10860) and (histogram) scaled continuum.
 E (GeV)∆
-0.2 -0.15 -0.1 -0.05 -0 0.05 0.1
)2
 
(G
eV
/c
bc
M
5.3
5.32
5.34
5.36
5.38
5.4
5.42
5.44
 E (GeV)∆
-0.2 -0.15 -0.1 -0.05 -0 0.05 0.1
)2
 
(G
eV
/c
bc
M
5.3
5.32
5.34
5.36
5.38
5.4
5.42
5.44
FIG. 2: Distributions in ∆E andMbc of Bs candidates in 23.6 fb
−1 of Belle data at Υ(10860). (Left)
Bs → Dspi, with signal regions for B∗s B¯∗s (upper signal box), B∗s B¯s(middle box), and BsB¯s(lower
box) events. (Right) Bs → DsK, with signal region for B∗s B¯∗s (solid box) and region accumulating
backgrounds from Dspi (dashed box).
B∗s B¯s(inclusion ofBsB¯
∗
s is implied), and BsB¯s events. A two-dimensional fit yields Bs → Dspi
signals of 147+14−13 (20σ), 12.7
+6.0
−5.1 (2.9σ), and 3.8
+4.5
−3.6 (1.1σ) in the B
∗
s B¯
∗
s , B
∗
s B¯s, and BsB¯s
channels, respectively. Using fs = (19.5
+3.0
−2.3)% and σe+e−→bb¯ = 0.302± 0.014 nb (a weighted
average from [4, 7]), we obtain B = (3.41+0.33−0.31(stat.)+0.42−0.41(sys.)+0.46−0.45(fs)+0.33−0.28(B(D−s → φpi)))×
10−3 and fB∗
s
B∗
s
≡ σ(e+e−→B∗s B¯∗s )
σ(e+e−→B
(∗)
s
B¯
(∗)
s
)
= (89.8+3.8−4.0)%, fB∗sBs ≡ σ(e
+e−→B∗
s
B¯s+BsB¯∗s )
σ(e+e−→B
(∗)
s
B¯
(∗)
s
)
= (7.8+3.3−3.0)%.
The masses are found from the peak locations, mBs = (5364.8 ± 1.3 ± 2.4)MeV/c2 and
mB∗
s
= (5417.6± 0.4± 0.5)MeV/c2.
The same process, CKM-suppressed, leads to Bs → D−s K+. Given the lower expected
rate, only B∗s B¯
∗
s is examined. Kinematic similarities result in a large incursion of Bs → D−s pi+
into the signal region (Figure 2(R)). Good hadron identification is thus crucial. A two-
dimensional fit yields 6.8+3.4−2.7 (3.6σ) events. We obtain B = (2.2+1.1−0.9(stat.) ± 0.3(sys.) ±
0.3(fs)± 0.2(B(D−s → φpi)))× 10−4 and B(Bs→DsK)B(Bs→Dspi) = (6.6+3.4−2.8)%.
The observation of Y (4260),[10] and similar charmonium-like particles,[11] raises the ques-
tion of whether analogous bottomonium-like particles exist in the region near and above
Υ(10860).[12] The Y ’s are observed in modes ψ(nS)h+h− where h is pi or K; their na-
ture is not yet fully understood. Given widths of order 10 keV for Υ(nS) → Υ(1S))pi+pi−
3
(n = 2, 3, 4), one would na¨ıvely expect B(Υ(5S) → Υ(1S)pi+pi−) to be tiny, of order 10−5.
Belle has searched for Υ(10860)→ Υ(nS)(→ µ+µ−)h+h−. Figure 3(L) shows the distribu-
tion of µ+µ− mass and ∆M ≡ M(µµpipi) −M(µµ). The horizontal bands indicate signal
regions for Υ(1S/2S/3S)→ µµ. Peaks correponding to Υ(10860)→ Υ(nS)pi+pi− are seen in
projections onto ∆M of Υ signal bands (Figure 3(R)) which are fitted to determine signal
yields. From these we find cross sections, branching fractions, and partial widths for four
modes, assuming Υ(10860)=Υ(5S): (in MeV) Γ(Υ(5S)→ Υ(1S)pi+pi−) = 0.59± 0.04± 0.09,
Γ(Υ(5S) → Υ(2S)pi+pi−) = 0.85 ± 0.07 ± 0.16, Γ(Υ(5S) → Υ(3S)pi+pi−) = 0.52+0.20−0.17 ± 0.10,
Γ(Υ(5S)→ Υ(1S)K+K−) = 0.067+0.017−0.015 ± 0.013. The Υpipi widths are of order 1 MeV.
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FIG. 3: (Left) Distribution in data of M(µ+µ−) vs. ∆M ≡ M(µµpipi) −M(µµ) of µ+µ−pi+pi−
combinations. The line indicates the kinematic limit, M(µµpipi) =
√
s. The horizontal bands
indicate signal regions for (bottom to top) Υ(1S), Υ(2S), and Υ(3S). (Right) Projections onto ∆M
of (top)Υ(2S) and (bottom) Υ(1S) signal bands.
The widths for Υ(2S/3S/4S/10860)→ Υ(1S)pi+pi−[3, 8, 13] are 0.0060, 0.0009, 0.0019,
and 0.59 MeV. The rate for Υ(10860) is largest by two orders of magnitude. While the
rate for Υ(5S) could be substantially enhanced,[14] our result raises the possibility that the
Υ(10860) is not a pure Υ(5S) state. To address this issue, Belle has scanned in energy in
the region above the Υ(10860) resonance and anticipates first results by summer 2008.
Belle has searched for Bs → γγ and Bs → φγ.[9] Each includes a hard photon, readily
isolated in the B-factory but difficult to trigger on at a hadron machine. For the Standard
Model, B(Bs → γγ) is in the range (0.4 − 1.0) × 10−6; extended models give rates up
to 5 × 10−6. The Belle Υ(10860) data improve the limit 20-fold over previous searches,
B < 8.7 × 10−6 (90% CL). The process for Bs → φγ is identical to that for B → K(∗)γ
(B ∼ 4×10−5) and is expected at this level. We report the first observation, B(Bs → φγ) =
(57+18−15(stat)
+12
−11(sys))× 10−6, with a significance of 5.5σ.
In summary, Belle, which was designed for precision measurements of CKM parameters,
has opened a new avenue of inquiry by collecting 23.6 fb−1 at the Υ(10860) resonance.
The sample includes ≈1.3 million Bs events and has yielded unprecedented sensitivity and
precision for several modes. In addition, an anomaly in the rate of Υ(10860)→ Υ(nS)h+h−
is stimulating new interest in bottomonium studies.
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